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Adsorption of Odorous Vapors by Sepiolite
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Abstract

The adsorption of various vapors (adsorbates) having relative
vapor pressures of 10701 by sepiolite and active carbon was
studied. Experiments were carried out at 250 in ambient
air having 30% relative humidity (RH), or under reduced
pressure without air nor water.

The amounts of adsorbates adsorbed on sepiolite were
about 0.15, 0.011 and 0.0042mmol/g, for ammonia, pyridine
and acetaldehyde, respectively, under a relative vapor pressure
(P/P,) of 107 in ambient air of 30% RH. The adsorbed
amounts were about 0.04 and 0.0045mmol/g, for toluene and
styrene, respectively, under 107 P[P, . The adsorption is made
through the water molecular layer on the sepiolite. The
amounts of adsorbates adsorbed on sepiolite under reduced

pressure without air nor water, were about 6.0, 2.0, 1.5, 1.0,

and 0.8 mmol/g, for ammonia, pyridine, ethyl acetate,
styrene, and hexane, respectively, under 107" P/P,.

On the other hand, the amounts of adsorbates adsorbed
on coconut-shell active carbon in the air of 30% RH, were
about 0.015, 0.011 and 0.008mmol/g, for pyridine, acetaldehyde,
and ammonia, respectively, under 107, P/P and were about
0.9, 0.4 and 0.06mmol/g, for acetone, toluene, and styrene,
respectively, under 10° P/P,. On the carbon surface, however,
a close relation was not observed between the amount of
adsorption and the hydrophilic property of the adsorbates
tested. The plots of adsorbed amount of hydrophilic adsorbates
against P/P, coincide with the common line extrapolated
from those of these other adsorbates. The adsorption on the

carbon takes place mainly on its water-free naked surface.
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Octahedral sheet : MgO layer

Tetrahedral sheet : SiO, layer

Photo 1  Structural model of sepiolite.
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Table 1 Chemical composition of sepiolite (wt(]).

Si02

MgO

AlO3

Fex03

CaO

Sepiolite

Dolomite

Organic

62.5

25.0

1.30

0.31

0.25

0.25

98.3

1.0

0.7
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Fig. 1 Apparatus for adsorption isotherm measurement in ambient air.

1 : Air-flow pump 4: Bag
2 : Air-flow meter 5 : Injection port
3 : Vaporizing system 6 : Adsorbent
6
: Displacement meter 8 : Liquid cell
: Recorder 9 : Thermostat
: Quartz spring 10 : Sample tube

11 : Mercury manometer
12 : Diffusion pump

13 : Rotary pump

Cy, C3, G and C, : Cocks

: Sample basket
: Ionization vacuum gauge

1
2
3
t2  4: Differential transformer
5
6
7 : Gas holder

Fig. 2 Apparatus for adsorption isotherm measurement under pressure without air nor water.

O000000R&DOOOOO Vol. 28 No.2 (1993.6)



46

ooooooooOooooboOoooooboooooo
oooooooooooooooooobocooooo
0000000®I000000000000000
oooooooooooooooooooboooooo
ooooobooooooooooooooboooooon

10%010°%Pa0 00000 0000000000000

000000000000000000000000
000000000000 000000000®0
000000000000000000000000
00000000000D00000000-210150
000000000000000000000000
000000000000000000000000
000000000000000000000000
0o00000000O0O00O000
250000000000000000000000
000000000000000000 (00 )00
00000000 133x 10°Pa0 0000000000
000000000000000000000000
000000000000000000000000
00000C000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0D0000000000000000000000
0000000000000000000000C,0
00000000000000000000000
000000-2101500000000000000
000000000000000000000000
0D0000000000O00005000000000
000000000000000000000000
00000000 @O0000000eey
logP=A-B/(C+) 0000ooooooE)

P:000 [mmHg]

(200 [O0]

ADBOC:0O
00000000000000000000W,mmolg)
0000000000 @O0O00002500000
0000000000 sm)00@)00000°°0

s0 00153 M/@?® 0000000000 ®@)

M:00000000

d:0000000 [glem’]
00030 I mm0000000 (00)000000

ObO0O0000R&DOOOON Vol. 28 No.2 (1993.6)

000000000000000000000000
oooooo
250000000000000000BETOOO
Sm’g)0 0 () O0000 D
SOsx W,x 6022x 10° 0O00000000CG)
w,:BETOODODO00000O0D0DO00O0
0000000 mmol/gd

oooboooo

0000000000000000

Fig. 30002500000030000000000
00000000000 0000000000000
0000000000000000C0Fig. 4(2)0 Fig. 3
000000000000000000000 log-
logD 0000000000000 00000000
0000000000000000000010°00
(200ppm0 0 )O0OOO0O0O0O0O0O0OOOOOO0O
000000000000000000000000
00000000000 0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
000000000000000000000000
030000000000000000006.16mmol/g
oooo D0000000O0O00000O0O000
400m’000000000000000000000
0100001000000000000000000
00000000000 0000000000000
000000000000000000000000
000000000300000000000000
000000000000000000000000
000000000000000000000000
000 (Fig.4a))0000000000000000
000000000000 (Fig. 7)) 0000000
000000000000000000000000
000000000000000000000000
00000000000000

loppm0 000000000000 O3000000
000004um00000000000000000



Amount of adsorption (mmol/g)

Amount of adsorption (mmol/g)

Amount of adsorption (mmol/g)

0.20

©
&
I

0.10 -

0.05 -

Sepiolite

Active carbon

0 La e ———+ 1 0
0 20 40 60 80 100
Equilibrium concentration in air (ppm)
(a) Ammonia
1.5
~ 80
Active carbon
10 - 60
Sepiolite
=40
0.5
-120
0 1 1 0
0 1000 2000 3000
Equilibrium concentration in air (ppm)
(c) Acetone
0.5
Active carbon ~ 40
04 -
-1 30
0.3
02} 1%
0.1 —110
Sepiolite
0 L 1 i It 0
0 50 100 150 200 250

Equilibrium concentration in air (ppm}

(e) Toluene

Amount of adsorption (mg/g) Amount of adsorption (mg/g)

Amount of adsorption (mg/g)

0.05

g

0.03

0.02

Amount of adsorption (mmol/g)
o
=

<o

Amount of adsorption (mmol/g)
o o o °© e
(4 ® R 2 -

=]

Active carbon

Sepiolite

0.5

Amount of adsorption (mg/g)

1 1 1 1 0

10 20 30 40 50
Equilibrium concentration in air (ppm)
(b) Acetaldehyde

—6
Active carbon
®
-4
o)
Sepiolite 2
1 i 1 i

0
0.5 1.0 1.5 2.0 2.5

Equilibrium concentration in air (ppm)
(d) Pyridine

0.1

= o o
® & =3

Amount of adsorption (mmol/g)
o
[=}
[ ]

Amount of adsorption (mg/g)

410
Active carbon ds ::‘g
g
1=}
2
-6 g
2
g
44 B
g
2
<]
£
- <

Sepiolite
1 i H 1 0

20 40 60 80
Equilibrium concentration in air (ppm)

(f) Styrene

100

Fig. 3 Adsorption isotherms of adsorbates in ambient air of 3000 RH at 2500 .
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Fig. 4  Adsorption isotherms (log-log plots) of adsorbates in
ambient air of 3000 RH at 2500 .
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Fig. 5 Adsorption isotherms of ammonia and ethylene under
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00000000000000000000 On sepiolite
347
Table 2 BET surface areas of adsorbents for various adsorbates at 25 E
g
and —19600 . g .
Adsorbate Adsorbent | Temperature | BET surface area E 2
(C) (m%/g) g
Ammonia Sepiolite 25 246 2
Carbon 254 <1
Pyridine Sepiolite 25 290
Styrene Sepiolite 25 230 0 1 L | 1
Ethyl acetate | Sepiolite 25 249 0 0.1 0.2 0.3 0.4 0.5
Hexane Sepiolite 25 199 Relative vapor pressure
Ethylene Sepiolite 25 92
Carbon 393
Nitrogen Sepiolite -196 284 Fig. 6  Adsorption isotherms of adsorbates under reduced
Carbon 1073 pressure at 250 without air nor water.
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Fig. 7 Adsorption isotherms (log-log plots) of adsorbates under

reduced pressure at 250 without air nor water.
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